ABSTRACT Two experiments were conducted using four strains of Leghorn pullets, namely Babcock, DeKalb, H & N, and Shaver. Pullets were grown on conventional or low protein diets fortified with additional amino acids. At 18 wk of age, 64 pullets from each strain and diet treatment were transferred to individual laying cages, using eight replicate groups of four adjacently caged birds. In a second experiment, pullets from the four strains were selected based on body weight at 18 wk of age (approximately 1,270 vs 1,650 g). Each weight group and strain was again represented by eight replicate groups of four birds.
INTRODUCTION
Although relatively few strains of Leghorn bird are currently available, there is a surprising lack of information on comparative nutrition and their response to various feeding strategies. Because of rising feed prices, there is current interest in the immature pullet's response to low protein diets supplemented with synthetic amino acids. Previous data suggest that such low protein diets are deleterious to subsequent egg size (Summers and Leeson, 1994) . Leeson and Caston (1996) also recently indicated that pullet growth was not ideal when such diets were used. However these previous trials were conducted with only one strain of bird, and there is speculation that if strain differences exist in growth rate and appetite, then response to such low protein diets may be variable.
The laying hen's response to any rearing treatment is often confounded by effects on mature body weight. For example, Summers and Leeson (1994) conclude that the effect on layer performance of the low protein rearing treatments seen in their study was a direct consequence of the smaller mature body size of their hens. In order to resolve the confounding effect, it seemed advantageous to study the performance of various strains of pullet grown on such diets, but where the body weight effect is removed by bird selection at maturity. For this reason, two experiments were conducted to test the response of four strains of commercially available Leghorn pullets where body weight was standardized at 18 wk of age or where birds were selected based on extremes of weight at this age.
MATERIALS AND METHODS

Experiment 1
Hatching eggs from four strains of Leghorns, all obtained from 32-to 40-wk-old breeders, were hatched at the University hatchery. The strains were Babcock B-300, DeKalb Delta, H & N, and Shaver White. These pullets were grown on conventional corn-soybean diets, or diets with no consideration for dietary protein but with comparable levels of lysine and methionine + cystine. For example, starter diets provided 19.5 and 16.5% crude protein, respectively (Leeson and Caston, 1996) . Data on pullet growth and development using these starting diets are published elsewhere (Leeson and Caston, 1996) . At 18 wk of age, pullets were selected as being within ± 10% of mean treatment body weight. A total of 256 pullets were selected and moved to individual laying cages maintained in a room with environmental control. Each of the four strains were represented by 64 pullets, 32 of which were from each of the protein-based rearing treatments. The eight treatment groups (four strains by two rearing treatments) were each represented by eight replicate groups, each consisting of four individually and adjacently caged birds. From 18 to 21 wk, birds were given 14 h light daily, and after 21 wk, 15 h light daily. All birds were offered a 16.8% CP, 2,780 kcal ME/kg corn-soybean diet as shown in Table 1 . Egg production was monitored over 4-wk periods throughout the trial, which terminated when birds were 72 wk of age. Eggs collected over a 2-d period when birds were 26, 30, 50, and 72 wk of age, were weighed and eggshell deformation measured as an assessment of shell quality (Summers et al., 1976) . Albumen height was ascertained as a measure of internal egg quality. Feed intake per four bird replicate was also measured at the times of these egg analyses. Bird body weight was determined at 26, 30, and 72 wk of age.
Experiment 2
Babcock B-300, DeKalb Delta, H & N, and Shaver White pullets were selected at 18 wk of age from within a flock of birds grown under identical conditions and fed the same diets. The criterion for selection was > 115% or < 85% of mean 18-wk body weight. Thirty-two heavy weight and 32 light weight pullets were selected from within a population of about 180 pullets of each strain. Extremely heavy or light weight pullets were not selected, and so the treatment groups represented the two extremes likely to be encountered under commercial conditions. Each strain and weight group (four strains by two weights) was represented by eight replicate groups of four individually and adjacently caged birds. Experimental procedures were similar to those described for Experiment 1, although some measurements were taken at slightly different bird ages.
Statistical Analyses
The experimental unit was the replicate of four birds. Experimental design was a two-factor (four strains by two growing treatments) factorial arrangement in a randomized design. In Experiment 1, the growing treatment was diet and in Experiment 2 it was selection for light or heavy 18-wk body weight. Factors were examined for main effects and their interaction. Response variables investigated were egg production, egg weight, eggshell deformation, albumen height, feed intake, body weight, and total egg mass. Means were separated using least squares means.
RESULTS
Experiment 1
Rearing treatment had no significant effect on egg production throughout the trial or on total egg mass production (Table 2) . Likewise, all strains produced the same number and mass of eggs to 70 wk of age. Strain of bird had a consistent effect on body weight (Table 3) , although rearing treatment had an effect only at 22 wk of age, when birds reared on higher protein diets were heavier (P < 0.05). The Shaver strain was consistently the heaviest bird (P < 0.01), whereas the H & N strain consistently ate more feed (P < 0.01, Table 3 ). Rearing treatment had no effect on feed intake (P > 0.05).
The high protein rearing diet resulted in a larger egg size at 22 wk age (P < 0.05, Table 4), although after this time there was no effect. The Shaver strain consistently laid the smallest eggs (P < 0.01, Table 4), although there was a significant strain by rearing diet interaction seen at 34 and 50 wk of age. This interaction indicates that the small egg size of the Shaver strain was most pronounced when birds were grown on a low protein diet (Table 4 ). This same effect was evident but not significant at 70 wk of age. Eggshell quality as assessed by deformation was inferior for the DeKalb birds at 26 wk of age (P < 0.01, Table 4 ). At 34 wk, albumen height was greatest (P < 0.01) for the Shaver and Babcock strains.
Experiment 2
Both bird strain and 18-wk body weight had an effect on very early egg production, although after this time no significant differences were seen. The heavier birds at 18 wk matured earlier and exhibited greater egg production at 22 wk of age (P < 0.01, Table 5 ). The Babcock strain also produced more eggs than did the H & N and Shaver strains at this early age (P < 0.01). Body weight at 18 wk of age had a significant (P < 0.01) effect on both mature body weight and feed intake through to 70 wk of age (Table 6 ).
The heavier pullets at 18 wk remained heavy throughout the laying cycle and ate more feed (Table 6 ). The Shaver birds were consistently the heaviest strain throughout lay, although they did not eat the largest quantity of feed (Table 6 ). The birds that were heaviest at 18 wk of age consistently produced the largest eggs (P < 0.01, Table 7 ). DeKalb birds consistently produced the largest eggs of the four strains tested, although this effect was not always significant relative to some of the other strains (Table 7) . DeKalb birds produced eggs of higher shell deformation compared to that of eggs from the Babcock and Shaver strains (P < 0.01, Table 7 ). Neither strain nor rearing body weight affected albumen height (P > 0.05, Table 7 ).
DISCUSSION
Rearing pullets on conventional or low protein amino acid fortified diets had little effect on adult layer performance. The low crude protein diet series did result in an initial reduction in body size, and although the differences were quite small, there was an associated loss in early egg size. Summers and Leeson (1993) concluded likewise that large differences in growing programs often produce only very minor differences in adult performance provided that a ""mature" pullet weight is attained. Keshavarz and Nakajima (1995) also conclude that layer performance is little affected by diets given immediately prior to maturity. On the other hand, if pullets are fed low-protein diets that are also low in amino acids, then as expected there will be a delay in maturity and the possibility of reduced egg size (Summers and Leeson, 1994) . Leeson and Summers (1989) also concluded that low protein amino acid fortified diets are not problematic as long as birds achieve an adequate body size at first egg.
There was little difference in the response of the various strains to the rearing treatments. The Shaver strain was most affected by the low-protein rearing diets in terms of loss of very early egg size. This reduction in early egg size most likely relates to body weight, because Shaver birds were the most affected at 22 wk of age. However after this time, there are only minor differences in body weight of these Shaver pullets fed the two rearing diet series and yet egg weight continued to be depressed by some 5% (P > 0.05). Unfortunately there is little published work on Leghorn strain response to most diet scenarios. In the second experiment, all strains of bird were identical in their performance characteristics related to large differences in mature body size. The smaller (≅ 1,270 vs 1,650 g at 18 wk) birds were slower to mature, although after 22 wk of age there was no real difference in egg numbers. Small birds at 18 wk of age continued to be smaller throughout the laying period and this observation confirms the observation of Leeson et al. (1991) suggesting that Leghorn pullets do not exhibit compensatory growth once they mature. The problem of reduced body weight is the association with reduced egg size and overall decline in egg mass production.
The smaller birds consistently ate less feed throughout lay, regardless of strain (Table 6 ) and this resulted in loss of egg size. The approximately 400 g difference in mature body size, resulted in some 2 kg loss in egg mass to 70 wk of age. Recalculation of data presented by Harms et al. (1982) suggests that this body weight effect has been ongoing for some years. In the Harms et al. (1982) data, it is calculated that a 100-g increase in body size of the pullet at 28 wk of age results in a 4.5% increase in feed intake and that this is associated with a 1.3-g increase in egg size and about a 1-g increase in daily egg mass. Leeson and Summers (1989) also indicated that a 100-g increase in mature body size resulted in a 3.5-g increase in daily feed intake and a 1.2-g increase in egg size.
As previously indicated, there is little collaborative data on the response of modern Leghorn strains to various nutritional programs. A number of strain differences were seen in these two studies, although generally they were not affected by the rearing programs used. All strains seem to be adversely affected by any factor that reduces mature body size. Individual strain variance in factors such as feed intake and eggshell quality may not be of importance under all production and economic scenarios.
